Spirosoma oryzae sp. nov., isolated from rice soil and emended description of the genus Spirosoma
T , was isolated from a soil sample cultivated with rice in the Suwon region of South Korea. The cells were aerobic, Gram-stain-negative, non-spore-forming, non-flagellated rods or occasionally filaments. The strain grew at 10-37 6C (optimum, 28-30 6C), at pH 5.0-10.0 (optimum, 7.0) and in the presence of 0-1 % (w/v) NaCl (optimum, 0 %). Phylogenetically, the strain was closely related to members of the genus Spirosoma, as its 16S rRNA gene sequence had similarity of 90.3-92.1 % with respect to those of members of the genus Spirosoma, showing the highest sequence similarity with Spirosoma panaciterrae DSM 21099 T . Strain RHs22 T revealed relatively low sequence similarities of less than 90 % with all the other species with validly published names. It contained MK-7 as the predominant menaquinone and summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c), C 16 : 1 v5c, iso-C 15 : 0 and iso-C 17 : 0 3-OH as the main fatty acids. The polar lipids of strain RHs22 T were phosphatidylethanolamine, one unknown aminolipid, two unknown aminophospholipids, one unknown phospholipid and five unknown lipids. The DNA G+C content was 57.0 mol%. Phylogenetic, phenotypic and chemotaxonomic data obtained in this study indicate that strain RHs22 T represents a novel species of the genus Spirosoma, for which the name Spirosoma oryzae sp. nov. is proposed. The type strain is RHs22 T (5KACC 17324 T 5DSM 28354 T ). An emended description of the genus Spirosoma is also proposed.
The genus Spirosoma was proposed for Gram-stain-negative, non-spore-forming, non-motile, obligate aerobes, and Spirosoma linguale, type species of the genus, revealed distinct mixed morphologies of rods, filaments and coils (Larkin & Borrall, 1984) . Later, the genus was emended as non-motile or motile by means of gliding, yellow or orange in colony colour, catalase-positive but oxidase-variable and strictly aerobic or facultatively anaerobic bacteria. Members of the genus also contained menaquinone 7 (MK-7) as the predominant respiratory quinone and summed feature 3 (comprising C 16 : 1 v6c and/or C 16 : 1 v7c), C 16 : 1 v5c, iso-C 15 : 0 and C 16 : 0 as the major cellular fatty acids (Finster et al., 2009) . At the time of writing, six species, which were isolated from soil, fresh water and xylem sap extract of Salix caprea, had validly published names.
Strain RHs22
T was isolated from soil cultivated with rice (Oryza sativa L.) collected from the Suwon region, Republic of Korea. The soil sample was plated on R2A medium (BD) by plating dilutions and after 1 week of incubation at 28 uC, a single colony was picked, purified and maintained as 20 % (v/v) glycerol suspensions at 280 uC or as lyophilized vials for long-term preservation.
Genomic DNA of strain RHs22
T was isolated by the method of Ausubel et al. (1987) . The partial 16S rRNA gene was amplified by PCR with the universal primers 9F and 1512R (Weisburg et al., 1991) . Gene sequencing was performed at GenoTech (Daejeon, South Korea) with an Applied Biosystems automatic sequencer using the sequencing primers 27F, 1492R (Weisburg et al., 1991) , 518R (59-GTATT-ACCGCGGCTGCTGG-39) and 785F (59-GGATTAGAT-ACCCTGGTA-39). Its sequence similarities with the closely related species were calculated using the EzTaxon-e server (Kim et al., 2012) . Sequences which were retrieved from the EzTaxon-e server were aligned with SINA (v1.2.11) according to the SILVA seed alignment [http://www.arb-silva.de; Pruesse et al. (2012) ]. Based on the aligned sequence data, phylogenetic trees were reconstructed using MEGA5 (Tamura et al., 2011) . The distance matrix method (distance options according to Kimura's two-parameter model; Kimura, 1980) , including clustering by neighbour-joining (Saitou & Nei, 1987) , a maximum-parsimony method (Fitch, 1971 ) and the maximum-likelihood method (Felsenstein, 1981) were used. The topologies of trees were evaluated by using the bootstrap resampling method based on 1000 replications (Felsenstein, 1985 T revealed low sequence similarities of less than 90 % with all the other species with validly published names. The phylogenetic tree showed that strain RHs22
T was clustered with the members of the genus Spirosoma (Fig. 1 ) Although strain RHs22
T was put in the outmost position within the genus Spirosoma cluster, the robustness of the cluster including strain RHs22 T was supported not only by a high bootstrap value, but also by other phylogenetic trees such as maximum-parsimony and maximum-likelihood trees (Fig. 1 ).
For cellular fatty acid analysis, strain RHs22 T and Spirosoma spitsbergense DSM 19989 T were cultivated on R2A medium at 28 u C to the exponential phase of growth (Sasser, 1990) . The composition was analysed by GLC using the standard Sherlock Microbial Identification System (MIDI). The fatty acid methyl esters were identified and quantified by using the TSBA 6 database (version 6.10) of the MIDI. Menaquinones and phospholipids were extracted and purified according to the protocol of Minnikin et al. (1984) . Polar lipids were examined using twodimensional TLC. The reagents for detections of polar lipids were the following (Collins et al., 1980) : 5 % ethanolic molybdophosphoric acid was used for detection of all lipids, ninhydrin reagent for lipids containing free amino groups, Zinzadze reagent for phosphorus-containing lipids and anaphthol reagent for glycolipids. The DNA G+C content was determined by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002 ) using SYBR Green 1 and a real-time PCR thermocycler (Bio-Rad). Strain RHs22 T contained summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c), C 16 : 1 v5c, iso-C 15 : 0 and iso-C 17 : 0 3-OH as the main fatty acids and C 16 : 0 , iso-C 15 : 0 3-OH, anteiso-C 15 : 0 and C 16 : 0 3-OH as the minor ones (Table 1) . The main fatty acids of strain RHs22 T were similar to those of other species of the genus Spirosoma (Table 1) . However, the minor fatty acids are variable among species of the genus Spirosoma, and strain RHs22 T lacked several minor fatty acids, including summed features, which were present in some species of the genus Spirosoma (Table  1 ). The predominant menaquinone of strain RHs22
T was MK-7, a result in accordance with the phenotypes of all other species of the genus Spirosoma (Baik et al., 2007; Finster et al. 2009; Fries et al., 2013; Ten et al., 2009) . The polar lipids of strain RHs22
T were phosphatidylethanolamine, one unknown aminolipid, two unknown aminophospholipids, one unknown phospholipid and five unknown lipids (Fig. S1 available in the online Supplementary Material). Phosphatidylethanolamine was the major polar lipid of strain RHs22
T and other species of the genus Spirosoma (Baik et al., 2007; Fries et al., 2013; Ten et al., 2009) ; however, the minor polar lipids were variable among members of the genus Spirosoma (Table 2 ). For example, strain RHs22
T had an unknown phospholipid while other species such as Spirosoma endophyticum, Spirosoma panaciterrae and Spirosoma rigui did not. Spirosoma panaciterrae contained diphosphatidylglycerol which did not appear in other species. Spirosoma rigui had the simplest polar lipid pattern among the species of the genus Spirosoma. The DNA G+C content of strain RHs22
T was 57.0 mol%, which is a higher value than those of other members of the genus Spirosoma (47.2-53.3 mol%).
Cell morphology was observed under a light microscopy (AXIO; Zeiss) at 61000 magnification and the presence of flagella was investigated using a transmission electron microscope (model 912AB; LEO) with cells grown for 30 h at 28 u C in R2A medium. Gram staining was determined by using the Difco Gram staining kit, according to the manufacturer's instructions. Catalase and oxidase activities were examined by bubble production in 3 % (v/v) hydrogen peroxide solution and 1 % (w/v) tetramethyl-p-phenylenediamine, respectively. Anaerobic growth was determined by incubation in the BBL GasPak Anaerobic System (Difco) for 14 days at 28 u C on R2A agar. Casein, CM-cellulose, hypoxanthine, starch, Tween 80, tyrosine and xanthine degradation activities were examined on R2A plates containing milk powder 10, 15, 20, 25, 28, 30, 35, 37, 40 and 45 u C was assayed in R2A broth after 14 days of incubation. The pH range for growth was checked after 7 days of incubation in R2A broth, the pH of which was adjusted with phosphate buffer, Tris/HCl buffer, HCl or NaOH (Breznak & Costilow, 1994) . The pH of R2A medium was also checked after sterilization. Salt tolerance in R2A broth was tested up to 5 % (w/v), at 1 % intervals. Other physiological properties and utilization of various carbon sources were tested in duplicate with commercial API 20NE and API ID 32GN kits (bioMérieux) according to the manufacturer's protocols. API 20NE and API ID 32GN test strips were checked after incubation for 7 days. Cells were aerobic, Gram-stain-negative, non-flagellated rods or occasionally filaments. Colonies of strain RHs22 T were yellowcoloured, irregular, slimy and convex on R2A agar. Several differential phenotypic characteristics are shown in Table 1 . Strain RHs22
T could be differentiated from other members of the genus Spirosoma on the basis of characteristics such as cell morphology, oxidase, range of temperature and pH for growth, assimilation of substrates and polar lipid profiles.
Several phenotypic characteristics along with the phylogenetic analysis based on 16S rRNA gene sequences support the distinctiveness of strain RHs22
T from all other species of the genus Spirosoma. Based on the phenotypic and genotypic data presented above, we propose that strain RHs22
T represents a novel species within the genus Spirosoma, with the name Spirosoma oryzae sp. nov.
Emended description of the genus Spirosoma
The description is as given by Larkin & Borrall (1984) Spirosoma oryzae (o.ry9za.e. L. gen. n. oryzae of rice, referring to the isolation of the type strain from a rice field).
Cells are Gram-stain-negative, aerobic rods or occasionally filaments, 0.8-1.0 mm in width and 1.5-10.0 mm in length. Cells are non-flagellated and non-endospore forming. Colonies grown on R2A at 28 u C for 2 days are yellow, irregular, slimy and convex. Growth occurs at 10-37 u C (optimum, 28-30 u C) and at pH 5.0-10.0 (optimum, 7.0). Grows in the presence of 0-1 % (w/v) NaCl (optimum, 0 %). Catalase-positive and oxidase-negative. Hydrolyses DNA, Tween 80 and tyrosine, but does not hydrolyse casein, chitin, CM-cellulose, hypoxanthine, starch and xanthine. Positive activities for aesculin hydrolysis and gelatin hydrolysis, but negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase and urease in API 20NE test strips. Assimilates D-glucose, D-mannose, N-acetylglucosamine, maltose, sucrose, salicin, melibiose and D-sorbitol, but does not assimilate Larabinose, D-mannitol, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate, phenylacetic acid, L-rhamnose, D-ribose, inositol, itaconic acid, suberic acid, sodium malonate, sodium acetate lactic acid, L-alanine, potassium 5-ketogluconate, glycogen, 3-hydroxybenzoic acid, L-serine, L-fucose, propionic acid, valeric acid, 
